Abstract: Soil erosion can affect the horizontal and the vertical distribution of soil carbon at the landscape scale. The 137 Cs tracer technique can overcome the shortcomings of traditional erosion research and has proven to be the best method to study soil erosion. To understand the responses of soil organic carbon and nitrogen to soil erosion and forest conversion in the development of slope economic forests in rocky mountain areas, three representative types of economic forests that were all formed after clear-cutting and afforestation on the basis of CBF (coniferous and broad-leaved mixed forests) were selected: CF (chestnut forests) with small human disturbance intensity, AF (apple forests), and HF (hawthorn forests) with high interference intensity. The results showed that all land use types have significantly eroded since 1950; the average annual loss of soil was 0.79 mm in the CBF, 2.31 mm in the AF, 1.84 mm in the HF, and 0.87 mm in the CF. The results indicated aggravation of soil erosion after the transformation of the CBF into an economic forest. The economic forest management reduced the average carbon storage and accelerated nutrient loss. The better vegetation coverage and litter coverage of CF made them stand out among the three economic forest varieties. Therefore, when developing economic forests, we should select species that can produce litter to ensure as much soil conservation as possible to reduce the risk of soil erosion.
Introduction
Forest ecosystems play a significant role in climate change mitigation by the uptake of a substantial portion of carbon dioxide (CO 2 ) from the atmosphere as well as their long-term deposition into biomass and soil [1, 2] . Afforestation has proven to be an effective method for increasing C stocks [3] [4] [5] . However, the growth of the economy and the population drove up demand for forest products, facilitating forest conversion. Many studies showed that such forest conversion (i.e., forest-for-economic forest) may lead to soil erosion and other ecological problems [6, 7] . Similarly, soil erosion-which is a worldwide problem with both social and environmental consequences-has proven to lead to lateral and vertical migration of nutrients [8] .
The dynamic research on soil carbon and nitrogen storage and migration has attracted increasingly more scholars' attention worldwide [9] [10] [11] . In recent years, scholars have carried out extensive studies on the effects of soil erosion on soil organic carbon in sloping farmland [12] [13] [14] [15] [16] [17] [18] [19] [20] . However, few studies have been reported on soil erosion caused by forest transformation and the horizontal migration of soil nutrients. Therefore, it was necessary to systematically study how SOC (soil organic carbon) and TN (total nitrogen) respond to soil erosion after forest conversion.
China has the greatest area of forest plantations on a global scale, consisting of one fourth of the total plantation area [21] . Since the 1960s, the area of forests has rapidly increased to satisfy the ever-growing requirements for wood and other forest products in northeastern China, which has led to a series of serious ecological and environmental problems, such as soil erosion (especially water erosion) [22] . After transforming forests into economic forests, the structure of forests become uniform. Climate, biomass production, and plant distribution can also be totally changed [23] [24] [25] . Researchers have found reductions in soil C storage following forest conversion from natural forests to plantations [26, 27] . In order to facilitate forest management, shrubs and weeds in forests are often removed. Such a change of vegetation cover can affect both the biological and the chemical properties of the soil, such as belowground C and nutrient storage [28] . Previous studies have also reported that water erosion is a pivotal process that can affect the horizontal migration and the redistribution of SOC and TN [29, 30] . However, there have been few reports on how natural forest conversion into economic forests affects soil erosion, SOC, and TN. This is an important environmental issue that has not been well quantified.
Soil erosion caused by man-made, forced interference has received more and more attention [31] [32] [33] [34] [35] . Most of these studies made use of traditional RUSLE (revised universal soil loss equation) and evaluated large-scale changes in soil erosion intensity and spatial patterns by remote sensing and GIS. Traditional erosion research methods often miss information such as the soil erosion process and the land use change [36, 37] , while the 137 Cs tracer technology can overcome the shortcomings of traditional erosion research [38] . Under the background of global large-scale nuclear explosion tests in the 1950s and the 1970s, the 137 Cs tracer method was developed, and it has been widely used in soil erosion research at different spatial scales around the world since the 1990s [20, 39] . This method has the characteristics of simplicity, high quantification degree, low research cost, and reliable results. It has been proven to be the best method to study soil erosion [40] .
In this study, the goal was to explore the influence of forest conversion on soil erosion and carbon and nitrogen migration by using 137 Cs in order to provide a theoretical basis for the further rational utilization and protection of soil resources and to assist the in-depth study on the regional carbon and nitrogen balance. The specific goals were to answer the following questions: (a) How do the characteristics of soil thickness and nutrient change with forest conversion? (b) How does forest conversion affect the vertical distribution characteristics of soil organic carbon and total nitrogen after forest conversion? (c) How does the storage of SOC and TN change after forest conversion? (d) Through the comparison of the studied forest types, which is the best forest type for conversion? In order to assess how forest conversion into economic forests affects soil erosion as well as SOC and TN, this study chose the study area of the great Wu mountain valley. The basin is situated at the starting point of the Belt Road, Lianyungang, which was originally a coniferous and broad-leaved mixed forest (CBF). However, in the 1970s, the economic forest should have transformed in a short time.
Materials and Methods

Study Sites
Dawu Mountain (35 • 11 E, 118 • 50 N) is located in the northwest of Ganyu District, Lianyungang, Jiangsu province, Southeast China ( Figure 1) . It belongs to a warm-temperate maritime monsoon climate with four distinct seasons, an average annual temperature of 13.9 • C, an annual rainfall of 976.6 mm, a frost-free period of 216 days, and average annual sunshine of 2534 h. The soil is a subcategory of coarse-grained brown soil with more sand and gravel in the topsoil. The vegetation is a temperate deciduous broad-leaved forest area dominated by artificial forests, supplemented by a small amount of natural deciduous broad-leaved forests and evergreen coniferous forests, including secondary vegetation such as Masson pine, broad-leaved trees, and arborvitae, and economic trees such as hawthorn and chestnut. Most of the research area was originally planted on the open forestland at the end of the 20th century. By the beginning of the 21st century, part of the plantation forest was in a state of natural regeneration, and some plantations were transformed into economic forests. In the experimental area, coniferous and broad-leaved mixed forests are the representative stand types of planted forests. The main tree species include Pinus massoniana Lamb., Platycladus orientalis (L.) Franco, sapling trees, and Metasequoia glyptostroboides Hu et W. C. Cheng, and there are herbs and humus layers under the forest. The hawthorn forest, the chestnut forest, and the apple forest are all economic forests that have been transformed by a mixed forest of coniferous and broad-leaved forest in which the surface of the chestnut forest is covered with litter, the surfaces of the hawthorn and the apple forests are exposed, and there are obvious artificial tilling traces. Basic information of different land use types was shown in Table 1 .
In July 2016, field sampling was conducted to avoid the influence of topography, landforms, and elevation on the results of the study. Based on field surveys, the same parent material and relative geographical location were selected on the slope according to the principles of typicality and representativeness. According to the principles of typicality and representativeness, three sites, each of which has the same parent material and relatively centralized geographical location, were selected on the sloping land, including the HF (hawthorn forest), the AF (apple forest), the CF (chestnut forest), and the CBF. The three economic forests (HF, AF, and CF) were all formed after clear-cutting and afforestation on the basis of coniferous and broad-leaved mixed forests. The CBF was replanted after the replanting of the woodland. The forest age is approximately 10 years, and the slope is 10 •~1 5 • , from which it can be assumed that the soil properties of all the plots were similar before the economic forest regeneration. The CBF is an artificial forest with no interference. The CF is an economic forest with less human interference intensity, while the HF and the AF are economic forests with greater interference intensity. 
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Sampling and Measuring Methods
Using the S-shaped sampling strategy, five sampling points in each sample were placed. The soil samples were collected by 0-10, 10-20, and 20-30 cm, and the same soil samples were mixed into three layered soil samples. At the same time, the soil samples were collected using a 100 cm 3 standard ring knife. In order to determine the content of the nuclide in the soil, the whole sample of the 0-20 cm soil and the spaced 5 cm stratified sample were collected with the diameter of a 5 cm soil drill. After returning to the laboratory, the soil sample collected by the non-earth drills was naturally air-dried, and plant debris, small stones, and organisms were removed. Some of them were kept, as they were found along the natural cracks to form small clusters of approximately 1 cm 3 to classify the aggregates.
The other part was milled through a 2 mm sieve and was used for the determination of soil-related properties. After removing the stone weeds, the soil samples used for the determination of isotopes were naturally air-dried after being ground through a 20-mesh sieve, dried in an oven at 105 • C to a constant weight, cooled to room temperature, and weighed with a precision of 0.001 g (ultimately weighing 300 g).
The physical and the chemical properties of the soil were measured according to the national standard. The soil bulk density was measured by the ring knife method. The pH was measured by an acidity meter. The total nitrogen, carbon, and nitrogen ratio and the ratio of carbon and hydrogen were measured by the element analyzer. The organic carbon content of the soil was oxidized with the potassium dichromate-external heating method. The mechanical composition was measured by a laser particle size analyzer (grading standard: 0.002, 0.05, and 2 mm). The specific surface area of the soil was analyzed using an ASAP2020 automatic surface area and pore size distribution analyzer (Micromeritics Instrument Corp, Atlanta, GA, USA). The soil water-soluble organic carbon was determined by weighing 5 g over a 2 mm screen soil in a 100 mL centrifuge tube, adding 25 mL of water, shaking, centrifuging, and taking the supernatant and filtering with a 0.45 µm microporous membrane to obtain the solution. At last, it was poured into a TOC (total organic carbon) sample tube and measured on a Shimadzu TOC-VCPH automatic analyzer [41] . The test of the nuclide 137 Cs used the background gamma spectrometer produced by the ORTEC Company (Dallas, TX, USA) of the United States and the C coaxial high pure germanium probe of the type GEM-40190 of the probe. The measurement time of each sample was 25,000 s, and the specific activity of the soil sample was calculated by a comparison with the standard source.
Calculation of the Soil 137 Cs
In this study, the top of Dawu Mountain was chosen as the background value point because there was no artificial activity on the top of the mountain, and the terrain was flat. The woodland structure i0s dominated by arbors, and the meadows are dominated by Pinus massoniana. Through the determination of two background value sampling points, the background value of 137 Cs was determined to be 1732.48 Bq/m 2 . The 137 Cs content in soil was calculated using Formula (1).
CPI is 137 Cs per unit area activity of the sampling point, Bq/m 2 ; i is the sampling sequence number; n is the sampling layer number; 1000 is the unit correction factor; C i is the specific activity of 137 Cs in the sampling layer i, Bq/kg; Bd i is the soil bulk density of the sampling layer of layer i, g/cm 3 ; D i is the depth of sampling layer I, m.
The soil erosion modulus was calculated using the following models:
A(d) is the total area activity of the soil above depth d, Bq/m 2 ; A ref is the 137 Cs area activity background value, Bq/m 2 ; λ is the profile index of 137 Cs depth distribution, cm −1 . T is the sampling year; Y is the 137 Cs area activity of the measured relative background value reduction percentage, %, D is the soil bulk density, g/cm3; h is the erosion of years of erosion thickness, m/a; E R is the soil erosion modulus, t/(km 2 ·a).
Calculation the Storage and Loss of Soil Carbon and Nitrogen
The xth nutrient density per unit soil area is:
where D x is the xth nutrient density (g/m 2 ); C i is the xth nutrient content in the soil i layer (g/kg); b i is the bulk density of the i layer soil (g/cm 3 ); d i is the thickness of the i layer of soil (cm). The absolute loss of the xth nutrient per unit area is:
where L X is the absolute loss of the xth nutrient (t/km 2 ); C X is the xth nutrient content in the soil (g/kg); D is the soil bulk density (kg/m 3 ); h is the average annual loss of the soil thickness (m).
The relative loss rate of soil nutrient per unit area:
where R is the relative loss rate of the nth nutrient per unit area (%).
Data Processing and Analysis
Mean values were calculated for each of the variables, and one-way ANOVA was used to evaluate forest type and soil depth on the measured variables for pairwise comparison. The least significant difference (LSD) test was used for mean comparison of two forest types at the same soil depth and different soil depth in the same forest type at p < 0.05. The relationships between the 137 Cs and SOC or TN were evaluated by Pearson's correlation analysis. These statistical analyses were completed with the R language (Vienna University: Vienna, Austria) and SPSS 19.0. (SPSS Inc: Chicago, IL, USA). The graphics were plotted with Origin software (Publisher: city, country OriginLab: Northampton, MA, USA). Note: all data are expressed in mean ± SE (standard error), which were calculated based on three samples. CBF: coniferous and broad-leaved mixed forest; HF: hawthorn forest; AF: apple forest; CF: chestnut forest; LAI: leaf area index.
Results
Characteristics of 137 Cs and Annual Erosion Modulus after Forest Conversion.
In comparison with the CBF, the specific activity of the 137 Cs decreased to 92%, 82%, and 36% at the 0-10 cm soil depth in AF, HF, and CF, respectively (Figure 2A) . The CBF had the largest difference between the two soil layers, with the 0-10 cm layer 2.04 times that of the 10-20 cm layer. The specific activities of the 137 Cs in CH and CF were 1.28 and 1.06 times greater in 0-10 cm layer compared to the 10-20 cm layer, respectively. The results of the LSD analysis showed that, in the 0-10 cm soil layer, the average 137 Cs activity of the soil in CBF was significantly greater than that of the other three land use depths. In the 10-20 cm soil depth, the average 137 Cs specific activities in CBF and CF were significantly higher than those in HF and AF.
Compared with the background value, the 137 Cs content of all land use types was significantly lower than the background value of 1732.48 Bq·m 2 . Among them, CBF decreased the least, which was 68.43% (Table 2) . AF decreased the most by 96.50%. The annual soil erosion thickness for different land use types followed the order of AF (2.31 mm) > HF (1.84 mm) > CF (0.87 mm) > CBF (0.79 mm). In comparison with the CBF, the annual soil erosion thickness of AF and HF increased 192% and 133%, respectively ( Figure 2B) . Moreover, the annual soil erosion thickness significantly differed between the CBF and the economic forests (AF and HF). However, there was no significant difference between CBF and CF. The correlation analysis showed that the 137 Cs activity in the soil showed a significant positive correlation with the content of soil organic carbon and total nitrogen (p < 0.05) ( Table 3) . (Table 3) 207 
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In comparison with the CBF, the SOC storage and the TN storage in AF were the lowest, decreasing TN: total nitrogen; TP: total phosphorus; TK: total kalium; SOC: soil organic carbon; DOC: dissolved organic carbon; C/N: carbon/ nitrogen; C/H: carbon/hydrogen. * Significant correlation was found at the level of α = 0.05 and ** at the level of α = 0.01.
SOC and TN Storage after Forest Conversion
The average SOC and TN storages in the CBF were 3.33 kg/m 2 and 0.36 kg/m 2 , respectively, and the economic forest management reduced the SOC storage and the TN storage of the soil (Figure 3 ). In comparison with the CBF, the SOC storage and the TN storage in AF were the lowest, decreasing by 63.66% and 52.78%. The SOC (TN) storages in HF and CF decreased by 49.25% (38.89%) and 61.26% (50%), respectively. The results of the LSD analysis showed that the SOC and the TN storage in different land use types did not change significantly with the soil layers. Among three economic forests, the SOC and the TN storage of the CF were significantly greater than those of the other three types of land use (p < 0.05). In the 20-30 cm soil layer, the SOC storage of the HF was significantly higher than that of the AF (p < 0.05). In the other two layers, there was no significant difference in the SOC storage of the three economic forests. 
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SOC and TN Losses after Forest Conversion
The annual loss of topsoil carbon in CBF was 41.37 t/km 2 . HF had the most topsoil carbon loss, which was 50.78 t/km 2 ( Figure 4A ). The results of the LSD analysis showed that the annual loss of topsoil carbon in HF was significantly greater than that in CF. The annual loss of topsoil nitrogen in CBF was 2.95 t/km 2 ( Figure 4B ). The annual loss of topsoil nitrogen in HF, AF, and CF was 1.51, 1.42, and 0.61 that of CBF, respectively. The LSD analysis results showed that the annual loss of topsoil nitrogen of HF and AF was significantly greater than it was for CF (p < 0.05).
As shown in Figure 5A , the annual relative loss rate of SOC in the CBF was 0.41%. The economic forest construction increased the annual carbon soil relative loss rate. In comparison with the CBF, the AF was the largest, being 2.43 times that of the CBF. The annual relative churn rates of HF and CF were 2.36 and 1.49 times that of CBF, respectively. The results of the LSD analysis showed that the rates of the soil carbon loss per year in the soil of HF and AF were significantly greater than that in the CBF soil (p < 0.05).
The annual relative loss of TN in the CBF was 0.27%. The construction of economic forests increased the annual relative loss rate of TN. In comparison with the CBF, the AF loss was the largest-2.93 times that of CBF. The HF and the CF were 2.48 times and 1.19 times that of the CBF, respectively. The LSD analysis results showed that the annual rates of TN loss in the HF and the AF were significantly greater than those in the CF and the CBF (p < 0.05). The acquisition of the background value was the key to tracing soil erosion by nuclides [42, 43] .
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Discussion
Soil Erosion after Forest Conversion
The acquisition of the background value was the key to tracing soil erosion by nuclides [42, 43] . The background value of 137 Cs can be obtained by the long-term monitoring of radioactive settlement, or it can be determined by selecting the correct reference points [44] . In this study, the background value of 137 Cs was 1732.48 Bq/m 2 . Similar research on the Yimeng mountain area showed that the background value was 1602 Bq/m 2 , which was close to this study [45] . In addition, according to the global simulated nuclear explosion 137 Cs background value model of Walling [46] , the simulation background value of the study area was 1467 Bq/m 2 , which was roughly equivalent to the background value of this study area. This indicates that the measured background value was reliable. Compared with the background value, all land use types underwent extremely serious soil erosion. It was reported that, in the Ganyu District of Lianyungang City, the high stone content in the soil made it more vulnerable to soil erosion. It has become a key area for soil erosion control [47] [48] [49] .
The annual soil erosion thickness value of CBF was the lowest, which was 0.79 mm. The soil erosion moduli of AF, HF, and CF were all higher than CBF (Figure 2) . The results indicated that CBF conversion to economic forests led to more severe soil erosion. As is shown in Table 1 , compared with economic forests, CBF had the largest LAI (leaf area index), which indicated that CBF had high vegetation cover, which was consistent with previous studies. Binkley and Giardina [25] reported that, after being intercepted by canopy, the energy of raindrops was reduced to almost zero when they reached the soil. This explained why the thickness of soil loss in the CBF was the smallest. Among the three types of economic forests, the soil loss thickness of the CF was the smallest. CBF and CF had more litter cover on the surface than HF and AF. (Table 1 ). It has been reported that good litter cover reduces the ability of rain to wash the surface, which then reduces the loss of soil sediment [50] [51] [52] . We can further draw the conclusion that, when forests are converted into economic forests, it is necessary to select trees that can improve vegetation coverage and litter thickness so as to effectively reduce soil erosion. In this study, it was found that CF could better reduce soil erosion, which can be applied to the forestry construction in this area. However, in other areas, where environmental conditions may be different, the benefits of chestnut forests may not be realized. Therefore, more suitable tree species need to be selected according to local conditions. The potential benefits of chestnut forests observed in this study may depend more on the depth of litter in the study site. The abundance of litter depends not only on the defoliation but also on the management of forests in a variety of ways to maintain litter. Therefore, in addition to selecting suitable species for soil and water conservation, proper forest management is particularly important.
The annual soil erosion thickness was AF > HF > CF > CBF (Figure 2 A) . The change trend was the same as the specific surface area of soil ( Figure 6 ). The BET (Brunner Emmett Tellermethod) specific surface area of the soils increased with the management of the economic forests. Among them, AF increased by 43.46%, while HF and CF increased by 20.09% and 5.61%, respectively. The specific surface area of soil is an important indicator of soil quality and an intuitive expression of land use at a micro-scale [53] [54] [55] . The specific surface area contains abundant information, such as material migration, tillage methods, parent material structure, and so on. An increase in the specific surface area of an economic forest can increase the soil porosity and the macroaggregate content. Therefore, both water holding capacity and anti-erosion ability of soil are weakened. This is consistent with the conclusions of our research. Conversion into economic forests and improper management will aggravate soil erosion. 
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The Contact of Erosion and SOC and TN
The order of average SOC and TN storage was CBF > HF > CF > AF (Figure 3 ). This result indicated that the economic forest management reduced the SOC storage and the TN storage of the soil. It has been reported that the forest conversion can directly or indirectly affect many processes in the carbon-nitrogen biogeochemical cycle of ecosystems [55] , such as changing the input and the degradation of organic matter and the physical protection of carbon and nitrogen by aggregates [56] . In addition, the SOC storage in the CBF decreased obviously as the soil layer deepened, which was consistent with the conclusions of related research done by Ma W et al. [7] .
The results showed that the order of annual loss of SOC in the soil surface was HF > CBF > AF > CF (Figure 4) . The reasons for this were two-fold. On one hand, erosion caused the absolute loss of nutrients. As was shown in Table 3 , 137 Cs had a significant correlation with SOC. It was reported that the redistribution of soil carbon and nitrogen under soil erosion was generally divided into two aspects-lateral migration and vertical migration [57] [58] [59] . Water was the main cause of soil erosion, which was accompanied by the whole process of soil particle dispersion, migration, and deposition. Soil carbon and nitrogen, as important parts of the soil, were usually lost in both sediment-bound and runoff-dissolved states during erosion [60, 61] . On the other hand, when the soil itself carried a high content of organic carbon, the absolute loss of nutrients was high. SOC content in CF and CBF was relatively rich in itself. When soil erosion was milder, there was a high absolute loss rate.
Compared with the absolute loss, the annual relative loss rate of soil carbon and nitrogen could better show the overall situation of soil carbon and nitrogen under different land use types, which was an effective index for characterizing the soil quality degradation [62] . The results showed that the relative loss rate of the CBF was significantly smaller than those of the AF and the HF, which were similar to the soil layer loss thickness distribution. This indicated that the soil carbon and the nitrogen loss in the AF and the HF were serious and should have been strengthened to reduce the soil erosion and the loss of nutrients as well as to improve the soil quality [63] . In addition, it was found that the rate of soil carbon loss per year under different land use types was obviously greater than that of soil nitrogen relative loss. This was consistent with relevant studies [64] .
The correlation analysis showed that the 137 Cs activity in the soil showed a significant positive correlation with the content of soil organic carbon and total nitrogen (Table 3) , which indicated that the contents of soil carbon and nitrogen under different land use modes in the area were closely related to soil erosion. This was consistent with earlier reports by Cheng J X et al. [65, 66] .
Conclusions and Deficiencies
The results showed that the conversion of coniferous broad-leaved mixed forests into the economic forests aggravated soil erosion. The average annual soil loss thickness of CBF was 0.79 mm, while those of AF, HF, and CF were 2.31 mm, 1.84 mm, and 0.87 mm, respectively. Economic forest management reduced the average carbon storage of soil, and the ranges from big to small were AF, CF, and HF by 63.66%, 61.26%, and 49.25%, respectively. The soil erosion process directly leads to the loss of soil carbon and nitrogen, which has a negative impact on the development of local agriculture and forestry. In the process of practical application, we should pay attention when forests are converted into economic forests, as it is necessary to select trees that can improve vegetation coverage and litter thickness in order to effectively reduce soil erosion. However, there are still some problems and shortcomings in this paper, such as the relative contribution rate of soil erosion and land use change to soil carbon and nitrogen loss, which could not be concluded from the existing data and will be more detailed in future experiments.
